2 position. The experiment will thus be particularly sensitive to vibrations of the set-up and to thermal fluctuations of the studied crystal. In this letter we propose a new solution to this problem that works without the need of a stabilized interferometer and that even takes benefit of its drift and fluctuations for the measurement. This set-up thus enables to measure the very small phase shifts induced in Pockels crystals (such as LiNbO 3 or LiTaO 3 ) by AC voltage as low as some tens of mV.
In the interferometric set-up, a laser beam is separated in two arms by a beam splitter and recombined on a detector (using the same or another beam splitter). In one of the arms (the signal beam), we place the sample to be measured, whereas in the second arm a piezo-mirror allows to slowly vary the phase shift between the beams of the interferometer. When the interferometer is aligned (i.e. fringes are observed), the intensity received by the detector equals: ! I = I S + I R + 2r I S I R cos" t ( ) (1) where I S is the intensity of the signal beam, in which is placed the Pockels crystal to be characterized and I R is the intensity of the reference beam. In this expression, r is a coefficient that renders the quality of the fringes observed on the detector. For perfectly aligned plane waves, we have r = 1 meaning that the phase shift between the beams does not vary on the surface of the detector. In the worst case of a large number of fringes on the surface of the detectors, meaning that the wavefronts are distorted or misaligned, we have r ≈ 0, and no modulation signal is delivered by the detector. In the general case, we have a value of r that varies between these two extrema, with a value of r that will have to be the closest as possible to 1 as the detected modulated signal is proportional to this value. Nevertheless, as we will see in the following, the technique we developed works whatever the quality of the fringes, and thus whatever the value of r (remembering that the measurement will be all the more easy and accurate than r will be close to 1, as the measured signal will be high). Finally, ! " t ( ) is the phase shift between the two interfering beams. It can be separated in two terms
( ) the sinusoidal Pockels phase shift that we want to measure and ! "(t) the mean phase shift between the beams that varies much slowly than the Pockels phase shift. The intensity measured by the detector can then be rewritten as (taking into account that for the measured phase shift we have 
In an usual interferometric set-up (homodyne detection) [1] , the mean phase shift This stabilization at half fringe level is the main problem of usual homodyne detection schemes. In fact, the problem is not necessarily the stabilization by itself, but to find the right level of stabilization that will vary slowly if I R , I S or above all r vary. This is generally obtained by a stabilization (against thermal change, vibrations, air fluctuations, …) of the whole set-up during the measurement.
In our case, we use the same optical set-up and the same signal but we change the data processing. Our method does not require the stabilization of the interferometer to a given level, it will even use the naturally or artificially produced fluctuations of ! "(t) , without the necessity to know the exact value of this phase shift. This method can be seen as a low frequency analogous to the heterodyne detection where the ratio of height of the sideband to the carrier frequency amplitude
give directly the phase modulation amplitude.
Considering the intensity received by the detector given by equation (2), it can be split into two terms that evolve on very different time scales : a signal are not independent and are correlated.
We will now show that if we measure simultaneously the RMS (Root Mean Square) value of the modulated signal ! "I RMS (supposed in all this study to be sinusoidal) and the mean value of the intensity, we can deduce the RMS value of the Pockels phase shift we want to determine. From equation (2), we deduce:
and
In these relation, we immediately recognize the parametric equation of an ellipse ( Eliminating the slow phase shift ! "(t) from equations (3) and (4) 
We easily see that the graphical representation of this expression
parabola, which a1 parameter directly gives the RMS value Typical signals are shown in Figure 2a . We see the mean signal that varies as the fringe is scrolled in front of the detector. In the same time the RMS value of the signal varies (visually in quadrature) with a maximum value at half fringe height and zero signal for absolute maximum and minimum of the mean intensity as expected. We see that tracing ! "I RMS = f I Mean ( ) , we obtain an ellipse as expected (Fig. 2b) . After the treatment (tracing
= f I Mean ( ) ) we obtain the expected parabola (Fig. 3) , which fit allows to measure a Pockels phase shift of ! "# RMS = 13.047mrad, with an accuracy given by a standard deviation of 3µrad (in the following the standard deviation will be used as a measure of the accuracy).
We used this set-up to characterize two reference Pockels crystals of LiNbO 3 and LiTaO 3 .
These crystals are of the same class of symmetry (the 3m class). All their coefficients (electro-optic, elasto-optic, piezo-electric) are perfectly known and will be used to calculate the expected phase shift that will be compared to the experimental data given by the set-up. "# e for ordinary and extraordinary polarization respectively) acquired by the beam is then [12, 13] :
where V is the applied voltage, L the thickness of the crystal along the beam propagation direction, d is the inter-electrode distance, and λ the used wavelength in vacuum. In these expressions the first term is due to the change of the dimension of the crystal because of the piezo-electric effect (with the piezo-electric coefficient d 31 ). The second term is due to the Pockels effect (with the unclamped electro-optic coefficient ! r ij T ). In both cases, n o is the ordinary refractive index and n e is the extraordinary refractive index. These expressions suppose that the crystal is free, i.e. that the frequency used is low compared to the piezo-electric resonance. The values of these parameters in the crystals we used, are summarized in Table 1 .
The first measurement is performed on a LiNbO 3 crystal at a fixed frequency as a function of the applied electric field, for both polarizations (Figure 4 ). We observed a linear dependence of the measured phase shift with a slope equal to . These experimental values are in good accordance with the theoretical ones given in Table 1 . In the insert of Figure 4 , the variation of the phase shift with the applied voltage is showed in a log-log scale. This presentation shows that the linearity of the variation extends on the whole measurement range (more than two decades), until applied voltage as low as 10mV, corresponding to measured phase shifts as low as some tens of µrad. We also measure the response as a function of the frequency of the applied sinusoidal voltage ( Figure 5 ). The sensitivity (i.e. the measured RMS phase shift normalized to the RMS applied voltage) is constant on the whole frequency range with a small increase that appears above 30kHz. In this range (i.e. below 30kHz), the mean value of the sensitivity is 6.31±0.06 mrad.V -1 , corresponding to a measurement accuracy of 1%. The increase corresponds to the beginning of a piezoelectric resonance situated at higher frequency (theoretically around 600kHz according to the dimensions and the orientation of the crystal). This behaviour confirms that the crystal is free in the condition of the measurement what justifies the expressions (equations (6) and (7)) used for the phase shift.
Similar measurements were performed in three LiTaO 3 crystals, with identical cut and dimensions. The obtained curves were similar to the one observed in LiNbO 3 , with nevertheless a slight dispersion of the sensitivity of the different crystals (Table 2) for the measurement at 25.7
kHz. Despite this dispersion the obtained values are in accordance with the theoretical value ( Table   1 ). This dispersion was attributed to some problem in the application of the electric field, but considered independent of the measurement set-up. Indeed, a similar dispersion exists for both extraordinary and ordinary polarization. In all the crystals the ratio of the extraordinary phase shift to the ordinary one, is the same at a value of 3.66±0.05 that corresponds to the theoretical ratio. This point is confirmed by the fact that a measurement at lower frequency (183Hz) shows a lower dispersion in the measured values with ordinary polarization (Table 2) (caracterization of a phase modulator, determination of electro-optic or piezo-electric coefficients of a crystal, … ), just using classical optical elements that are usually found in an optic laboratory.
Appendix : Accuracy of the measurement technique
The accuracy of the measurement technique can be theoretically estimated, using the fact that the phase shift is given by the ratio of the length of the axes to the ellipse when we trace The relative accuracy on the measured phase shift is given by
We will now estimate these different terms. We have first :
where we have considered that the order of magnitude experimentally measured in our set-up (Fig. 3) .
At low amplitude of the phase modulation we can determine the smallest measurable phase shift with our set-up, i.e. the phase modulation RMS value that would lead to a relative accuracy
giving a numerical value of 7.5µrad, for our set-up. The order of magnitude of this value corresponds to the smallest value we were able to measure experimentally (i.e. 22µrad in Fig. 4 ). 
